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I NTRO DUCTION 

Solnrcx Corporation began work on this contract on 
August 26, 1976. The contract called for Solarox to "Design, 
develop, manufacture, test and deliver a quantity of solar 
coll modules capable of providing 30 kilowatts of power." 

These solar modules were to comply with the requirements of 
•IPl. Document 5-342-1 entitled "Silicon Solar Cell Module Per- . 
formance, Knvironmental Test and Inspection Requirements," 
dated May 27, 1976. 

The bulk of the contract effort was carried out in tlie 
following two phases: 

phase I Module Design, Pre-production Module Fabrication, 

« 

Inspection and Test. 

PHASE II -- Production, Test and Deliycry. 

Other items in the Statement of Work required Solarex to im- 
plement a JPL-approved Inspection System Plan to verify the 
manufacturing processes assembly and tests; and to provide 
other items of engineering and administrative documentation. 

In addition, Solarex responded to twelve Unilateral Modifica- 
tions to the contract. 
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I’HASr. I 


1-ffort durinp, the first two I'onths of the contract con- 
centrated on design of a solar module to meet .11*1. specifica- 
tions. Basic module design result inp, from this effort is as 
fol lows : 

1. Frame Oesipn — Solarex chose a 23" x 23" module 
size thus forming a 2 x 2 pattern for the module 
suh- arrays. An alloydyned aluminum frame was 
designed to both satisfy the basic loading require- 
ment of ♦ SO lbs. per square foot and to provide 

a lightweight, weatherable frame. 

2. Cell I'an Design Key design problems were to 

develop a cell pan/potting surface that would 
meet the basic design objectives and also provide 
for the required electrical isolation. While 
various materials were examined and tested, the 
increased electrical isolation requirements that 
were part of Unilateral Modification No. 1 led 
Solarex to select a polyester substrate with alu- 
minum edge retention strips as a basic cell pan 
assembly. 

3. Cell Interconnection — Solarex utilized forty- 

two three inch diameter cells, arranged in six rows 
with seven cells per row to achieve the required 
minimum of 15.8 volts at 60®C. A new photolith- 
ography mask pattern was generated ^or these cells. 
This pattern has fine gridlines, dual interconnect 
pads and is designed for optimum performance. 

The cells are solder-connected in a single series 
string. Tinned copper tabbing strips are utilized 
as the cell-to-cell interconnect material within 


- 2 - 


each row. Rows of cells are electrically connected 
liy soldering tlic tabbing strips at both ends of 
each to tinned^ phosphorus bronze sub -busses . The 
ends of the series string are fed through tlic polyester 
substrate directly into junction box mounted on the 
back of the module . A five terminal, twin screw 
thermoplastic terminal block, rated at 1500 Volts , 
was used as the connector within the junction box. 

4. hncapsulation --- Solarex selected a cell encap- 
sulation system which is based on complete con- 
formal casting with silicone rubber. The confor- 
mal casting eliminates any difficulties at the solar 
cell interfaces since the strings of cells are 
actually floating in the pliable rubber. Silicone 
rubber ' s high transmittance and impact resistance 
and Solarex' s nearly four years of field experience 
with it were the primary factors in its selection. 

5. Electrical Performance A forty- two cell scries 

string of Solarex' s 3" chevron cells exceeded the 
initial contract power requirement of 60 Watts per 
four '.'‘lodule sub-array. At 60°C, Solarex 3" diameter 
chevron cells show a minimum average photovoltage of 
380 mV at the power peak. Thus with 42 cells in 
series, a minimum voltage of 15.96 Volts may be ob- 
tained for each module at its peak power. Under 
this contract, delivered power was measured at 15.8 
volts . At this voltage, Solarex modules should produce 
more than 18.5 V/atts. Thus, at four modules per sub- array 
a total of 74 Watts is obtained, exceeding the 60 

Watt minimum requested. Aii I-V plot showing typical power 
produced at 60“C is shown in Exhibit I. 
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On October 25, 1976, Solarex personnel discussed the 
above and other items including the Inspection System Plan 
at a Preliminary Design Review held at JPL. Action items 
resulting from tliat design review are as follows: 


ACTION ITEM 

ORGANIZATION 

RESOLUTION 

Supply wire size and 
type to be used to 
connect modules in 
demonstrations . 

JPL 

Info . Supplied 

Supply optical pro- 
perty data for var- 
ious aluminum frame 
finishes. 

JPL 

Info . Supplied 

Consider revision of 
mounting pattern 
dimensions and tol- 
erances on module 
frame. 

Solarex 

Dimensions and 
tolerances re- 
vised 

Revise Terminal 
Block and J-Box 
design to meet 
requirements of 
5-342-1, Rev. A. 

Solarex 

Design Revised 
for easier ac- 
cess to termin 
al block. 

Revise top assembly 
and interface con- 
trol drawings to 
reflect changes and 
additional info, 
required. 

Solarex 

Drawings Re- 
vised 


During early November Solarex completed work on several 
action items resulting from the October design review. Later 
in the month Solarex began work on the required pre-production 
modules. The first ten were completed by mid-December and 
subjected to the environmental tests as described in JPL 
5-342-1, Revision A. The temperature and humidity cycling 
tests were performed by the General Environments Corporation 
in Hartwood, Virginia. A report summarizing these tests is 
included in the Appendix. Mechanical loading, electrical iso- 
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liition tcstii A^cre pcrrovmed at Solnvcx. No aignificant changes 
in performance were observed. 

j " 


In early January an additional ten pre-prod'iction modules 
A^ero shipped to JPL for qualification testing. On January 26, 
1977, tlie Prc'productioiA Design UevicAv A^'as lield at Solarcx. 
This meeting revicA\?ed the module design, inspection system 
plan, GO^G temperature correction factor and standard solar 
cells in light of the recently completed pre-production module 
maiAufacturing and environmental testing. Since all pliases of 
module design had been discussed at the Preliminary Design 
RevieAs' and pro-ilroduction modules had successfully completed 
environmental testing, major discussion centered around spe- 
cific items in the above areas that had to be resolved prior 
to the start of production. These resulted in tlie follOA^ing 
Solarcx action items ; ' 


action item 


RESOLUTION 


1, Verify cycle time, tem- 
perature and I'ates for 
thermal and hvimidity 
cycles . 

2. Verify availability and 
calibration of iacA'^ electrical 
isolation equipment. 

S. Analyse I-V curves for modules 
sent to JPL to determine tem- 
perature correction factors. 


Data provided. 


Information provided. 


Solarex performed accep- 
tance testing at both 
60 “C and OTC using JPL- 
supplied Y“standards, 


4. Verify comparison of Bloch 
II "Y" standard \irith Block 
I standard. 


Data provided. Block II 
"Y" standard sho\^?ed short 
circuit current 6.4?i less 
than Block I standard. 


5, Update all draA\?ings and sub- 
mit reproducibles to JPL. 


DraA^ings updated and 
submitted. 


6. Incorporate agreed upon 
clianges in Inspection 
System I’lnn. 


7. J“Box Grounding. 


8, Provide method of assuring 
positive grounding of 4th 
side on edge retention strip. 

9. Submit detailed written pro- 
cedure for electrical perfor- 
inance testing. 


Changes relat>ng pri- 
marily to woi uiianship 
standards, in process 
inspection and changes 
in measurement and test- 
ing required by 5-342-1, 
liev. B were incorporated 

Existing J-Box termina- 
tion considered accep- 
table by NASA “Lewis . 

Ground screw A^as added 
to fourtJi side to assure 
positive grounding. 

Procedure describing 
equipment set-up, inten- 
sity calibration, tem- 
perature, actual test 
procedure and documenta- 
tion submitted. 


10. Submit isolation test data Data and information pro 

obtained during Qualification vided. 

testing and describe actual 
equipment used. 


'ihe Design Revie\^ resulted in agreement to go into produc- 
tion, pending resolution of the above action items. 


The entire month of February was spent resolving action 
items generated by the pre-production design revicA\f, While 
most items concerning such subjects as grounding, test pro- 
cedures and drawing revisions A^cre resolved quite easily, the 
related issues of standard colls and C0°C temperature correction 
factors proved more difficult. The major reason for this being 
that tA^ro sets of standard cells supplied to Solarex proved 
to be defective . Correcting the confusion caused by defective 
standards and performing 60®C measurements required several 
A^eeks. Final authorization to submit modules for JPl, source 
inspection Av'as received on Marcli 16, 1977. 
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PIlASli II 


Production of Modules befiun in mid “March witli the first 
shipment being made on March 31. A complete shipment summary 
is sliQwn in Table I Temperature correction factors based 
on pre-production modules indicated that average module power 
(15.8 Volts, 60®C customer-supplied standard) would be 17.55 
Watts . However, curly production shipments averaged 18.6 
Watts per module, resulting in a four module sub-array power 
of 74 U Watts. 

Some procurement, technical and quality control problems 
did occur during the delivery. Dimensional variances resulted 
in the rejection of a significant number of module frames by 
Solarex incoming Q.C. This problem was most evident during 
March thru early May. At that point Solarex added an additional 
frame supplier in an attempt to alleviate tlic problem; never- 
theless it continued to occur sporadically throughout the 
delivery. 

In early June corona discliargc, indicating inadequate 
grounding, was observed in JPL dielectric test activities. 
Investigation showed that the module J-Box was not completely 
grounded. Manufacturing procedure was revised to include 
tapping of a machine screw into an undersized Ivole in the 
J-Box wall to assure positive grounding. 

Early in the delivery (March -April) , Solarex experienced 
some quality problems relating to improper soldering and 
spacing of cell-to-ccll interconnects and soldering of lead 
wires. These problems were somewliat anticipated since this 
large a module had not been produced by Solarex before. They 
were resolved by worker re-training, increased in-line Q.C. 
and production experience. Later in tlie delivery (June- July) , 
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there were so>nc Q. C. ‘'problems %dth respect to microscopic 
delamination and tiny bubbles in the encapsiilant , These 
problems were jointly resolved by Solarox and JPL Q.A. per*- 
sonnel. Issuance of a Technical Direction Memorandum ro“ 
visint? rejection criteria eliminated this problem. 


In late July Solarex received a unilatei'al modification 
to the contract to perforin destructive pull testing experi“ 
ments on ninety regular production solar cells. JPL provided 
a Unitoh pull tester on which to perform tlie teats. Tlie tests 
wore conducted from July 26 to August 16 and are summarized as 


follows : 

t 



TYPh OP 

TOTAL 

flEAN PULL 

* 

CONTACT 

sampl?q size 

STRENGTH 

STD. DEV. 

Front Coll 
Surface 

90 

518 grams 

226 

Back Cell 
Surface 

90 

653 grams 

236 


As shown above , the mean pull strength for tabs on the back 
cell surface is significantly liigher than on coll front sur- 
faces. This results from the additional area available for 
soldering on the back, non-illuminated surface of the cell. 
Additional analysis indicated that mean pull strength on the 
left tab Cfi’ont and back) was slightly higher (l^ss than 55) 
than the righ^ tab. Analysis of cuimilative results by indi- 
vidual operators indicated that pull strengtli did vary some- 
what (within one standard deviation) from operator to operator. 
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I'iiiiil shipment imulei this contract was made on August 
31. A total of 1585 production modules were shipped under 
this contract. 

During July Solarcx decided to offer the modulo developed 
under this contract to its commercial customers. A data sheet 
witli pliotos and performance characteristics of tlus Type 92D0J 
panel is included in the Appendix*. 

PUTURH COST HHDUCTION.AREAS 


‘On nuinorous occasions Solarex officials have publicly 
recommended various government initiatives to reduce the 
future costs of solar cell production. Recommendations in 
■the following areas relate to future JPL activities: ' 

1. Future Solar Cell Purchases - - - To tlio maximum extent 
possible, future government purchases should bo timed 
and sized in such a manner that they push the industry 
to add production capacity. Larger quantity, multi- 
year buys are tlic best nictl'iod to accomplish tl)is . 

In addition, excessive contract modification resulting 
in numerous delays and buveauci'atic problems should, 
to tlie maximum extent possible, be eliminated. 

2. Inexpensive Silicon --- Much cheaper silicon is an 
absolute necessity if DOE cost reduction goals are 

to be met. Current JPL-funded laboratory efforts must 
be reviewed to determine when tliey wixl bo feasible 
as production technologies. Promisi7ig near-term 
tecimologies not currently receiving government 
support, sucJi as cost silicon, slioiild bo funded on 
an accelerated basis. 
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Autoiiuit ion Ti CtFI' Si|iuli"icnut cost reiluction in 
solar celi SKamifacturing will occur as the cell 
KUiKers automate their nanuCactur ini; facilities. 
While j'.orernmeut purchases provide sowe capital for 
investment in plant and machinery, this process 
could he vastly accelerated if the governraent began 
applied engineering efftivts addressing the problems 
of automating the current technology and provided 
govenuneiU' “ furnished equipment to be used for auto- 
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o ... The Sol rex Corporation Typo 9200J solar electric panel was designed and tested especially Tor the 
Jot Propulsion Laboratory as part aT ERDA's Large Scale Production Low Cost Silicon Solar Arrays. 


FEATURES 


42 Three-inch diometer high efficiency silicon solar cells connected in series featuring: 

- Unique corrosion resistant Trimet ^ contacts (electrodes) 

- Tantalum axide anti-reflection cell coating 

- Redundant interconnections 

- "Starshio" finger pattern with fine line structure and double solder pads. 

Cells mounted on o polyester board and fully encapsulated in a special stabilized silicone 
rubber to provide a transparent, weather resistant, and corrosion-free package. 

Allodyned aluminum integral mounting frame. On reverse side is a sealed junction box. 

Extensive in-house quality control and testing throughout panel manufacture. 


ELECTRICAL PERFORMANCE 


Type 9200 J Unipanel 

60°C 

28°C 

Wafts (peak) * 

20 

23 

Amps V nom. 

1.3t- 

1.3+ 

Ah/^eek ** 

40 

40 

Wh/Week ** 

600 

690 

Voltage (g peak power 

16 

19 

V 

21 

24 

oc 




^ Typicol output qt maximum pov/er point in 
sun (lOOmW/cm^) at 28°C. 


fu'l 


** Typical output based on U. S. average insolation. 
28°C 


+ 60®C 


16V nom. 
19V nom. 


Meets personnel sofety requirements; at least 100 megaohms isolation resistance from ground, tested at 
1500 Volts. 




SOLAREX TYPE 9200J UNIPANEL 


TYPICAL current/voltage CURVES 
Current (A) 




Current (A) 


okk.in.M- 



100 % 

75% 

50% 

25% 



T » 10°C 


T - 30°C 


r- T = 50 C 


T 70°C 


Panel Performance for Varying Termperotures 
ot AMI (100mVi//cm^) 

ENVIRONMENTAL SPECIFICATIONS (Meets JPL Environmentol Performance Requirement No. 5-342-1 Rev, B) 
e Thermal cycled from -40°C to ^90°C. No performance degradation. 

e Humidity cycled 7 days @ 95% relative humidity at elevated temperatures. No performance 
degradation. 

2 

• Wind loading toleration when mounted 200 Ibs./ft front or back minimum. 

DIMENSIONS 5? 

■ —■■II ■ • 

i 


22.87" 


Weight: 9.5 lbs. 


.280" Dia., 
6 Holes 



oxxxm 
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2.18". 



INSTALLATION 

1 A.^ L. 




tg_Qrniir 



General EnWronments CorporaHon / HarJwood, Virginia 22-171 / (703) 752-5361 


REPORT 

Client; Solarox Coi'poration 
1335 Piccard Drive 
Rockville, Maryland 20850 


Report No. . __ 

Date 2-1 January 1977 


Subject: Thermal Cycling and Humidity tests conducted on ten Solar Modules in 

accordance with Solarex Corporation purchase Order 3588. Testing was 
completed 14 January 1977. 

1.0 THERMAL CYCLING 

T est Facilities 

Standard 36FS Thermal Chamber, GEC .No. 171D 
T ost Procedure 

The test items were placed within the thermal chamber and subjected to 
fifty temperature cycles. The temperature was varied between -40®C and 
90"C at an approximate rate of 100°C per hour. Each temperature cycle 
was no greater than si,x hours long and a cycle was from ambient to 90“C 
to -40‘’C to ambient. 

Test Results 

Twenty-six consecutive thermal cycles Were completed. Difficulties with 
the thermal chamber made it necessary to discontinue the test to affect 
repairs to the chamber. Following the completion of thirty-one thermal 
cycles the cognizant Solarex, Corporation representative removed the test 
items from the thermal chamber for visual and electrical inspections. The 
test items were then replaced and twenty-eight consecutive thermal cycles 
completed at which time the test was concluded with a total of fifty-nine 
thermal cycles being completed. Recordings of the temperature generated 
during the thermal cycling test are enclosed. The temperature recordings 
are in “F. A photograph of the test arrangement is enclosed. 
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Report No. 

Date 24 .January 1977 


2.0 HUMIDITY 

Test Facilities 


Guardite Humidity Chamber, GGC No. A102D 
Test Procedure 


The test items were placed within the humidity chamber and subjected to the 
following conditions. The internal chamber temperature was adjusted to 
S4°C and maintained for twenty-four hours as a pre-drying cycle. The 
internal chamber was^ then adjusted to 23°C with S0®i relative humidity and 
maintained for twenty-four hours. The internal chamber temperature was 
then increased to 40.5°C and 90 to DS'ii relative humidity over a two hour 
time period, maintained at 40.S'’C and 90 to 9S”ii relative humidity for a 
sixteen liour time period, the temperature was then decreased to 23 “C and 
90 to 95"j relative humidity over a two hour time period and maintained at 
23“C and 90 to 9S-a relative humidity for a four hour time period which 
constituted one twenty- four hour varying temperature and humidity cycle. 
This cycle was repeated for a total of five twenty-four hour cycles. 

Test Results 


On three occasions the pneumatically controlled temperature and humidity 
recorder indicated oi'ratic conditions. However, the chamber conditions 
were stable and there were droplets of moisture accumulating in the air 
line supplying the recorder. Recordings of temperature and humidity 
generated during the humidity test are enclosed. The temperature 
recordings are in ®F. The recording chart is O-200'’F dry and 0-25°F 
differential. A photograph of the test arrangement is enclosed. 
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